Abstract Associations between social support network characteristics and sexual risk among racially/ethnically diverse young men who have sex with men (YMSM) were examined using egocentric network data from a prospective cohort study of YMSM (n = 501) recruited in New York City. Bivariate and multivariable logistic regression analyses examined associations between social support network characteristics and sexual risk taking behaviors in Black, Hispanic/Latino, and White YMSM. Bivariate analyses indicated key differences in network size, composition, communication frequency and average relationship duration by race/ethnicity. In multivariable analyses, controlling for individual level sociodemographic, psychosocial and relationship factors, having a sexual partner in one's social support network was associated with unprotected sexual behavior for both Hispanic/Latino (AOR = 3.90) and White YMSM (AOR = 4.93). Further examination of key network characteristics across racial/ethnic groups are warranted in order to better understand the extant mechanisms for provision of HIV prevention programming to racially/ethnically diverse YMSM at risk for HIV.
fact, new HIV diagnoses in YMSM increased between 2007 and 2010 while declining in heterosexual adolescents during the same time period [1] . Closer examination of these national data also reveal stark racial/ethnic disparities in HIV/AIDS acquisition among YMSM, with the majority of new HIV diagnoses (63 %) reported among Black YMSM as compared to White (18 %) and Latino (16 %) YMSM [2] . Similar trends also exist at the local level in New York City, where YMSM overall, and particularly Black and Latino YMSM contribute to a disproportionately larger number of HIV/AIDS cases [3] .
A higher prevalence of HIV-related sexual risk behaviors among YMSM, as a whole, account for the increased rate of HIV infection in this group compared to heterosexual adolescents. However, similar differences in individual-level risk behaviors do not fully account for racial/ ethnic disparity in HIV infection particularly between Black and Latino YMSM compared with White YMSM. Specifically, two recent reviews of the extant literature [4, 5] examining potential reasons for racial/ethnic disparities in HIV infection consistently indicate that higher rates of HIV among Black and Latino YMSM compared with White YMSM are not explained by a higher prevalence of risky sexual practices or illicit substance use, HIV testing history, commercial sex work, gay identification or disclosure of sexual orientation.
To date, evidence from a growing body of empirical research highlights the salience of understanding and elucidating the role that social network characteristics play in groups at heightened risk for HIV and other sexually transmitted infections [6] [7] [8] [9] [10] . Specifically, social network based analyses have been a key component in explaining the higher risk of HIV/AIDS among heterosexual African Americans, where higher rates of partner concurrency and social network characteristics such as size, composition and density have been associated with a range of HIV related sexual and injection drug use behaviors [11] [12] [13] [14] [15] [16] [17] . Finally, there is substantial body of literature examining a number of social network characteristics in relation to injection drug use and sexual risk taking behaviors among IDUs [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Among MSM, studies exploring the role of social support network characteristics and HIV related risk are relatively sparse and where available, narrow in focus. Early studies among MSM focused predominantly on the sexual networks of subgroups such as drug using MSM [31] [32] [33] or Black MSM [34] [35] [36] . In terms of general, social network based investigations, a qualitative investigation of 21 Black MSM found that this group tended to report more non-MSM male friends and more female sex partners; among those that reported other MSM as friends, these were often sexual partners [37] . A more recent study examining social and sexual network characteristics among Black MSM found that while both MSM and men and who had sex with men and women (MSMW) reported similar proportions of family as network members, MSMW were more likely to engage in riskier sexual behaviors by having denser sexual networks, greater partner concurrency as well number of sexual partners [36] . In addition, there is evidence from network-level interventions among adult MSM, that intervening on the network level by seeking opinion leaders to provide HIV/AIDS risk reduction information within their social networks may help to promote social norms supporting safer sexual behaviors [38, 39] .
Among YMSM, a study by Amirikhan and colleagues (2003) in Russia and Bulgaria found that use of a social network leader to disseminate HIV related information, yielded significant improvements in HIV/AIDS related knowledge and norms at the network-level. However, less clear is what types of network characteristics were associated with such increases in knowledge, attitudes and norms around sexual risk reduction.
In summary, these studies provide additional detail on HIV related risk beyond individual-level characteristics in addition to some evidence that intervening on the level of the network may hold promise for stemming HIV transmission and acquisition in this population. However, the majority of this information is not specific to this newer generation of YMSM; as such, more nuanced information on how social support network characteristics may increase HIV risk among YMSM, in particular, is warranted given the heightened HIV risk in this generation of young men. Further, understanding how such network characteristics differ across race/ethnicity as well as how these differences relate to sexual risk taking among racially/ethnically diverse YMSM is particularly pressing given the disparities in HIV risk across race/ethnicity among YMSM. Thus, understanding differences in social support network characteristics such as network size, composition of network memberships, and frequency of contact and other salient network factors by race/ethnicity is critical to understanding whether and how HIV intervention programming may harness the power of social support networks to create and sustain social norms that support safer sexual behaviors. Finally, such information would be relevant to informing the development of appropriate effective HIV intervention programming for racially/ethnically diverse YMSM at greater risk for HIV as well as sustaining the effectiveness of such programs over time. Thus, the objective of the present study is to understand differences in social support network characteristics among Black, Latino/Hispanic and White YMSM as well as to examine the extent to which social support network characteristics are associated with sexual risk taking behaviors after controlling for individual and psychosocial characteristics among this racially/ethnically diverse sample of YMSM.
Methods

Study Design & Sample
These data are derived from the baseline visit of a prospective cohort study of racially/ethnically diverse YMSM in New York City, the details of which are previously published [40] . Briefly, to be eligible for this study, potential participants had to be born biologically male, be 18-19 years of age at time of study entry, report having sex with another man in the 6 months preceding screening, and self-report a HIV-negative serostatus. Participants were recruited from across New York City from 2009 to 2011 using both active (e.g. approaching individuals to solicit study participation at venues such as community events, after-school events, service agencies, bars, clubs, etc.) and passive (e.g. flyer posting and website advertisements on popular youth websites, social networking websites, dating websites, etc.) recruitment strategies. At baseline, all participants completed an ACASI based assessment on individual-level sociodemographics and behaviors, psychosocial characteristics and social factors. Data on recent sexual behaviors, including recent sexual activity, were collected using a 30-day calendar-based approach [41] . A social network inventory, based upon our prior work [42] was also administered at the baseline visit by trained interviewers to collect information on up to 10 network members who study participants considered to be 'significant or important' in their lives.
Among the n = 592 participants in this study, a subsample of n = 501 YMSM who provided complete information on race/ethnicity and self-identified as either Black (n = 97), Hispanic/Latino (n = 225) or White (n = 179) were included in the present study in order to examine racial/ethnic differences in network characteristics, overall and whether and how these differences were associated with recent sexual risk behaviors among YMSM. This study protocol was approved by New York University's Institutional Review Board (IRB), and a Certificate of Confidentiality was obtained from the Department of Health and Human Services. All participants were remunerated for their time and effort in accordance with local community guidelines.
Dependent Variables
The main dependent variable of interest, unprotected anal intercourse is based on self-report and refers to the 30 days preceding the baseline visit. Unprotected anal intercourse (UAI) is one comprehensive measure that includes selfreport of both insertive and receptive anal intercourse. In this study, UAI is examined dichotomously as 'ever' versus 'never'.
Independent Variables
For the present study, the main independent variables of interest were social support network characteristics. First, to describe their social networks, participants were initially asked to ''…list each significant person in your [sic] life…Consider all persons who provide personal support for you or who are important to you now.'' Next, participants were asked to specify the type of relationship to each nominated network member (e.g. family/relative, friends, work associates, sexual partner, etc.). While a list of categories was presented to participants, it is important to note that our definition of family member was broader than that used in standard social network analyses and includes family of choice in addition to biological family members due to the rejection that many YMSM, particularly Black and Latino/Hispanic YMSM may experience [43] . This information was used to understand overall network size as well as network composition. Further, based on initial exploration of the distribution of individuals reported as network members, the median network size was 8 (standard deviation = 2.3, interquartile range 6-10); as such, network size was dichotomized as \8 versus C8. Next, participants provided information on the duration of each relationship by responding to the question ''How long have you known this person'' (responses ranged from \6 months to [5 years). For the present study, we examined the average duration of network relationships dichotomized as \2 years versus C2 years. This dichotomization was based both on empirical and conceptual reasoning. First, 2 years was the median length of reported relationships and this cut-point also allowed an examination of differences in recently formed networks versus those of longer duration. Finally, participants were asked to identify the frequency of communication between themselves and each network member on a 5-point scale ranging from 'daily' to 'once a year or less'; for the present analysis, frequency of communication was dichotomized as Bmonthly versus Cweekly. This dichotomization was also supported by empirical (on average, participants reported communicating with network members on a weekly basis) as well as conceptual reasoning (more frequent communication is associated with stronger network ties than less frequent communication).
Additional covariates of interest fell into the domains of sociodemographic characteristics and psychosocial factors. Sociodemographic characteristics included information on current school enrollment and perceived socioeconomic status (SES); for the present analysis, perceived SES was categorized as lower, middle or upper class. Sexual identity was measured using the Kinsey scale which ranges from 0 to 6 (exclusively heterosexual to exclusively homosexual). For the present study, sexual identity was dichotomized as 'exclusively homosexual' versus 'not exclusively homosexual'. Foreign born status was determined by ascertaining birth in the US versus outside the US. With regard to psychosocial factors, participants self-reported their ethnic identity affiliation using the 12-item Multigroup Ethnic Identity Measure (e.g. 'I have a lot of pride in my ethnic group', etc.) assessed on a 4-point likert scale ('strongly agree' to 'strongly disagree'). Participant scores for this ethnic identity measure were dichotomized as low (B2) versus high ( [2) . Gay community affinity was assessed with the following single item measure: 'I feel a part of the gay community in New York City' with responses on a 5-point scale ranging from 'strongly agree' to 'strongly disagree'. Responses were dichotomized as high (B2) compared with moderate/low (C3). Finally, internalized homophobia was ascertained via a 4-item measure (e.g. 'Sometimes I dislike myself for being gay/bisexual', etc.) on a 5-point likert scale; scores were dichotomized as high (C12) versus low (\12).
Statistical Analysis
First, exploratory data analysis were conducted to describe social support network characteristics in this overall sample of YMSM. Second, bivariate associations between network level characteristics and the main outcome of interest-UAI were examined using Chi square statistics. In addition, bivariate associations between network level factors and social support with race/ethnicity as well as salient sociodemographic and psychosocial factors were also assessed using Fishers exact and Chi square statistics, as appropriate. Third, unadjusted and adjusted multivariable logistic regression analysis was separately conducted for each race/ethnicity group (Black, White, Hispanic/Latino) to identify factors independently associated with UAI for each racial/ethnic group in this sample. The final multivariable model for each race/ethnicity group was constructed by first including network level characteristics found to be associated (p \ 0.10) with UAI or race/ethnicity in unadjusted analysis. Next, sociodemographics and psychosocial characteristics, found to be significant at p \ 0.05 or based on a priori knowledge, were added to the model in conceptually related groups to assess the relative importance of network-level factors in comparison to sociodemographic and psychosocial characteristics with UAI for each race/ethnicity subgroup. Separate regression models were built for each race/ethnicity group-Black, Hispanic/Latino and White to examine differences in associations between network level characteristics and UAI across race/ethnicity subgroups. Models were compared using the -2 log likelihood value to obtain the final, model of best fit.
Results
In this sample of urban YMSM between the ages of 18-19 years old, 45 % self-identified as Hispanic/Latino, 19 % as Black and 36 % as White. There were a number of differences in key social support network characteristics by race/ethnicity (Table 1) With regard to sociodemographic characteristics, Hispanic/Latino and Black YMSM were more likely to report a lower perceived SES (p \ 0.000) as well as a lower likelihood of being currently enrolled in school at time of survey administration (p \ 0.000). Although a larger proportion of Hispanic/Latino YMSM reported a foreign born status (p = 0.010), Black YMSM were more likely to report a higher level of ethnic identity (p \ 0.000). Hispanic/Latino YMSM were more likely to report higher levels of gay community affinity (p = 0.003) and lower levels of internalized homophobia (p = 0.026) compared to Black and White YMSM.
An examination of network characteristics by sexual risk taking indicated that individuals who reported, on average, smaller network were more likely to report UAI compared to individuals reporting larger networks (p = 0.080) ( Table 2) . Additionally, individuals reporting a sexual partner as a member of their networks were more likely to report engaging in UAI (p \ 0.000). There were no statistically significant associations between communication frequency and relationship duration with UAI. In terms of sociodemographic characteristics, Black YMSM were, on average, less likely to report UAI compared with Hispanic/Latino and White YMSM; while these data are consistent with the published literature [4, 5, [44] [45] [46] [47] , in the present study, this association did not reach statistical significance. In addition, current school enrollment was marginally associated with a lower likelihood of engaging in UAI(p = 0.086) whereas self-identifying as exclusively homosexual was associated with higher proportion reporting UAI (p = 0.082). YMSM in a relationship at time of the baseline assessment were more likely to report engaging in UAI (p \ 0.000). Finally, whereas a higher level of gay community affinity was associated with engaging in UAI (p = 0.017), a higher level of internalized homophobia was associated with a lower likelihood of engaging in UAI (p = 0.061).
In multivariable analysis, separate logistic regression models for each racial/ethnic group were built to examine the distinct associations between network level characteristics and UAI within each racial/ethnic group (Table 3) . In doing so, these results indicate that for Hispanic/Latino YMSM, larger network size was associated with a lower likelihood of engaging in UAI (AOR = 0.44, 95 % CI 0.20, 0.97). In addition, current school enrollment was also related to a reduced odds of UAI (AOR = 0.42, 95 % CI 0.18, 1.01) although this association was marginally statistically significant. Furthermore, Hispanic/Latino YMSM who reported a sexual partner as part of their networks were more likely to report engaging in UAI (AOR = 3.90, 95 % CI 1.30, 11.72). However, while the odds of engaging in UAI were higher among Hispanic/Latino YMSM who reported being in a relationship with a man as well as those with higher levels of gay community affinity, these associations were not statistically significant. For White YMSM, having sexual partner in one's network was associated with an increased odds of UAI (AOR = 4.93, 95 % CI 1.54, 15.86) as was being in a relationship with a man (AOR = 3.34, 95 % CI 1.06, 10.49). Similar to that seen among Hispanic/Latino YMSM, odds of engaging in UAI were higher among those with higher levels of gay ) . However, as a small proportion of the overall sample of Black YMSM reported engaging in UAI (15.6 %; n = 15), multivariable models for Black YMSM did not converge.
Discussion
The findings of this study reveal distinct differences in key social support network characteristics between Black, Hispanic/Latino and White YMSM. First, Black and Hispanic/Latino YMSM tended to report smaller networks of longer duration compared with White YMSM. Moreover, Black YMSM were less likely to report a sexual partner as a member of their social network. These latter, empirical findings are in contrast to the qualitative work by Miller et al. [37] which suggested that Black MSM were more likely to report having MSM identified network members with whom they had sex. One explanation for the current finding may be the higher rates of both ethnic identity and gay community affiliation among Black and Hispanic/ Latino YMSM compared with White YMSM. Thus, it seems that for racial/ethnic minority YMSM, there may be more network building with a smaller group of peers, family members and sexual contacts due to experiences with homophobia and discrimination related to sexual orientation. In comparison, White YMSM, tended to report larger network sizes, were more likely to report having friends within their networks and networks of shorter duration. In addition this group reported lower rates of gay community affinity suggesting that their network members maybe comprised of a broader range of relationship categories. Finally, despite, on average, smaller network sizes, Hispanic/Latino YMSM reported more frequent communication with network members. This is a particularly important finding as frequency of communication is often used as an indicator of relationship strength [48] and provides additional evidence for the value of supportive social networks. Thus, networks characterized by more frequent communication are critical in HIV prevention as they may be able to transmit knowledge and information around HIV prevention as well as create and sustain norms supporting safer sexual behaviors more effectively [49] .
In terms of HIV related sexual risk taking behaviors, specifically UAI, having a sexual partner as a member of one's network was most strongly associated with UAI for both Hispanic/Latino and White YMSM in multivariable analysis as well as for Black YMSM in unadjusted analysis. For Hispanic/Latino YMSM, this association persisted even after controlling for being in a current relationship with a man, thereby, suggesting that the role of sexual partners in social networks may be more powerful in terms of UAI than in a primary relationship. In terms of individual level characteristics, participants still in school were less likely to engage in UAI. However, it is important to note that this association was significant in multivariable analysis only for White YMSM and marginally significant for Hispanic/Latino YMSM. In addition, given that Black and Hispanic/Latino YMSM reported lower perceived SES (52 and 41 %, respectively) compared with White YMSM (14 %), this suggests that the higher likelihood of socioeconomic disadvantage among racial/ethnic minority YMSM would require structural as well as network based HIV prevention efforts as part of a comprehensive prevention programming. A summary report by Grossman and colleagues offers an overview of structural interventions that are warranted [50] . Examples of such structural interventions would include those that address housing instability, incarceration, and educational disparities among racial/ethnic minorities. Additionally, policies that promote efforts to reduce bullying, in both school and community contexts, could play a role in reducing the higher rates of internalized homophobia among racial/ethnic minority YMSM.
Finally, it is important to note that while higher levels of gay community affinity were associated with UAI in bivariate models, these associations were only marginally significant in multivariable models. While some early research suggests that attachment to the gay community acted as a protective factor [51] , there is a growing body of literature to suggest that, in fact, attachment to the gay community may be associated with sexual-and drug-related risk behaviors in a newer, younger generation of MSM [52] [53] [54] [55] as behavioral norms may be more tolerant of riskier sexual behaviors. Moreover, for Hispanic/Latino and black YMSM, ethnic community identity may be a more salient predictor of less risky behaviors than gay community attachment [56] . As such, the development and evolution of network structures and characteristics warrant further exploration as this new generation of YMSM come of age in a community whose own norms around sexual behaviors are evolving.
Before conclusion can be drawn, study limitations and their potential impact on the results obtained here ought to be addressed. First, as these results are derived from selfreported data of a cross-sectional, baseline assessment, the ability to draw causal inference is limited. Second, although sample sizes were sufficient for examining multivariable models among Hispanic/Latino and White YMSM and providing statistically significant results, confidence intervals for estimates in some cases were wide. Moreover, the small sample size of Black YMSM in this study precluded the ability to examine multiple comparisons and also limited the ability to make inferences about racial associations. Third, although a strength of this study is the ability to describe network factors in relation to sexual risk behaviors across race/ethnicity among YMSM, additional data on the sociodemographic characteristics and sexual risk taking behaviors of network members would provide more comprehensive information on degree of homophily within networks across these factors. On a similar note, more information on the strength of ties between participants and network members would provide a better understanding on network connections and their ability to potentially influence HIV related sexual risk behavior. This information, in turn, would also be valuable in creating risk and resilience profiles of networks. Finally, the social networks of these young men are dynamic and likely to evolve and develop over time, as such a longitudinal exploration of how these networks change is critical to understanding how these natural shifts impact and alter HIV risk related behaviors.
Conclusion
In summary, to our knowledge this is one of the first studies to examine network characteristics across racial/ethnic groups. First, this information is critical given the stark racial/ethnic disparities in HIV risk among YMSM. Second, a more comprehensive understanding of the similarities and differences in key network characteristics across racial/ethnic groups allows for a better understanding of the extant mechanisms for provision of HIV related support or whether and how those mechanisms can be bolstered to provide support to racially/ethnically diverse YMSM at risk for HIV.
